Background. Ductal carcinoma in situ with microinvasion (DCISM) is a rare diagnosis with a good prognosis. Although nodal metastases are uncommon, sentinel lymph node biopsy (SLNB) remains standard care. Volume of disease in invasive breast cancer is associated with SLNB positivity, and, thus we hypothesized that in a large cohort of patients with DCISM, multiple foci of microinvasion might be associated with a higher risk of positive SLNB. Methods. Records from a prospective institutional database were reviewed to identify patients with DCISM who underwent SLNB between June 1997 and December 2010. Pathology reports were reviewed for number of microinvasive foci and categorized as 1 focus or C2 foci. Demographic, pathologic, treatment, and outcome data were obtained and analyzed. Results. Of 414 patients, 235 (57 %) had 1 focus of microinvasion and 179 (43 %) had C2 foci. SLNB macrometastases were found in 1.4 %, and micrometastases were found in 6.3 %; neither were significantly different between patients with 1 focus versus C2 foci (p = 1.0). Patients with positive SLNB or C2 foci of microinvasion were more likely to receive chemotherapy. At median 4.9 years (range 0-16.2 years) follow-up, 18 patients, all in the SLNB negative group, had recurred for an overall 5-year recurrence-free proportion of 95.9 %.
Conclusions. Even with large numbers, there was no higher risk of nodal involvement with C2 foci of microinvasion compared with 1 focus. Number of microinvasive foci and results of SLNB appear to be used in decision making for systemic therapy. Prognosis is excellent.
Ductal carcinoma in situ with microinvasion (DCISM) is a pathologic diagnosis defined by the presence of B1 mm of invasive cancer in a background of DCIS and comprises 0.6-3.4 % of breast cancer diagnoses. [1] [2] [3] In the American Joint Committee on Cancer (AJCC) staging system, it is considered a subset of T1 disease (T1mi). 4 These patients are generally considered to have a better prognosis than ''macroinvasive'' cancers, but worse than DCIS alone. 5, 6 The rarity of DCISM has made study of risk factors, management, and outcomes difficult. 2, 6, 7 The risk of axillary lymph node metastases is low, but no studies have been able to consistently identify any pathologic or demographic factor predictive of nodal disease. 3, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] We have previously reported that 2.7 % of 112 patients with DCISM had axillary lymph node macrometastases and 10 % micrometastases. 8 Currently, evaluation of the axilla with sentinel lymph node biopsy (SLNB) remains standard care for any patient with DCISM. Identification of patients at higher risk for lymph node metastases would allow for selective use of SLNB and decrease unnecessary axillary surgery in low-risk patients. Small, single-institution studies have suggested that the extent of microinvasion on histologic examination may be predictive of an increased risk for sentinel lymph node metastases. 17 The current AJCC staging system does not differentiate DCIS with multiple foci of microinvasion from DCIS with a single focus of microinvasion; both are T1mi. 4 Since the volume of invasive cancer is predictive of SLNB positivity, we hypothesized that in a large cohort of patients with DCISM, a significant association of multiple sites of This study was presented in poster format at the 2014 American Society of Breast Surgeons 15th Annual Meeting and was funded in part through NIH/NCI Cancer Center Support Grant P30 CA008748.
microinvasive disease with positive SLNB might exist. 19 In this study, we report the incidence of lymph node involvement in DCISM patients with a single versus multiple sites of microinvasion.
MATERIALS AND METHODS
With institutional review board approval, we retrospectively examined records from a prospectively collected database maintained by our institution. We identified patients with DCISM who underwent SLNB at Memorial Sloan Kettering Cancer Center between June 1997 and December 2010. Data on age, type of surgery, type of axillary procedure, and any adjuvant radiation therapy, hormonal therapy, or chemotherapy were collected. Patients with contralateral breast cancer and those with missing adjuvant systemic treatment records were excluded from the analysis of systemic treatment between groups. Pathologic variables collected included histologic tumor type, histologic and nuclear grade, presence of lymphovascular invasion (LVI), and receptor status [estrogen receptor (ER), progesterone receptor (PR), and HER2]. Biopsy and final pathology results were reviewed for statements regarding number of invasive foci and categorized as having 1 focus or C2 foci of microinvasive cancer. This cutoff was selected as a consequence of the language used in the pathology reports. One or two foci were mentioned specifically, but beyond that, descriptors such as ''a few,'' ''scattered,'' ''some,'' or, more rarely, ''many'' or ''extensive'' were used, precluding numerical quantification. These patients were recorded as having [2 foci. We excluded patients with an unknown number of foci (n = 12). Date of last follow-up and status at last follow-up were collected for all patients. Recurrence events were recorded as local (ipsilateral breast or chest wall), regional (ipsilateral axillary or supraclavicular lymph nodes), distant, or concurrent local and distant.
Statistical Analysis
Patient characteristics were summarized using number and percent for categorical variables, and median and range for continuous variables. Characteristics were compared between patients with a single focus of microinvasion and patients with C2 foci of microinvasion and between patients who received and did not receive chemotherapy using the Chi square test for categorical covariates (Fisher exact test in the case of small numbers within a cell) and the Wilcoxon rank-sum test for continuous covariates. Univariate logistic regression was used to test associations between demographic and pathological characteristics, and a positive SLNB. Time-to-event outcomes (overall survival and proportion recurrence-free) were estimated using Kaplan-Meier methods. Time to death and time to recurrence were measured from date of SLNB and censored at the date of last follow-up for event-free patients. Time to recurrence was censored at time of death. Overall survival and proportion recurrence-free were compared across groups using the log-rank test.
All statistical analysis was done in SAS 9.2 (SAS Institute, Cary, NC), and p values less than .05 were considered significant.
RESULTS
A total of 426 patients with DCISM were identified; 12 patients with an unknown number of microinvasive foci were excluded, leaving 414 patients for analysis. Median age was 54 years (range 27-84 years). Of the 414 patients, 235 (57 %) had only 1 focus of microinvasion, and 179 (43 %) had C2 foci. Both groups had a median of two sentinel lymph nodes removed (ranges 0-14 and 1-11, respectively).
SLNB metastases were identified in 7.7 % of patients (32); 1.4 % (6) had macrometastasis and 6.3 % (26) had micrometastasis. Of patients with 1 focus of microinvasion, 18 (7.7 %) had a positive sentinel lymph node. Of patients with C2 foci of microinvasion, 14 (7.8 %) had nodal metastases (p = 0.95) ( Table 1) . There were three patients in each group with SLNB macrometastasis, a 1.3 % incidence in patients with a single focus of microinvasion, and 1.7 % for those with C2 foci (p = 1.0). The remainder had micrometastatic disease. None of the patients with positive SLNB in the C2 foci group were described as having ''extensive'' or ''many'' foci in the pathology reports.
Patients with multiple foci of microinvasion were more likely to have poor prognostic features of the primary tumor, including a significantly higher incidence of poorly differentiated tumors and tumors negative for estrogen and progesterone receptors, and positive for HER2 receptor, though in many cases, the invasive carcinoma was too small to assess these factors ( Table 2 ). The incidence of LVI was low in both groups: two patients in the 1-focus group, and seven patients in the multiple-foci group.
The groups received similar local therapy, with 114 (49 %) in the 1-focus group and 84 (47 %) in the multiplefoci group undergoing breast conservation (p = 0.75), and 98 (42 %) and 76 (43 %), respectively (p = 0.86), receiving radiation therapy.
There were differences with regard to receipt of adjuvant systemic therapy. Similar numbers of patients in both groups received hormonal therapy-87 (38 %) in the 1-focus group, and 70 (41 %) in the multiple-foci group (p = 0.56)-but chemotherapy was used significantly more frequently in the multiple-foci group than in the 1-focus group (11 vs. 5 %; p = 0.04).
On univariate analysis (Table 3) , the presence of C2 foci of microinvasive disease was not associated with the presence of positive SLNs (p = 0.95). The presence of LVI was the only pathologic factor associated with a positive SLNB (odds ratio [OR], 10.83; 95 % confidence interval [95 % CI], 2.74-42.79; p \ 0.01). Of the 32 patients with positive SLNs, 15 (47 %) went on to completion axillary lymph node dissection (CALND). Only two of these patients (13 %) were found to have additional positive axillary nodes. Of these patients, one had 1 focus DCISM and one had multiple foci of microinvasion, and both patients had SLNB macrometastases. The use of chemotherapy was more common among SLNB positive patients: only 12 of SLNB-negative patients (3 %) received chemotherapy compared with 19 (63 %) in the SLNB-positive group (p \ 0.01). Similarly, hormone therapy was given to 136 of SLNB-negative patients (37 %) compared with 21 of SLNB-positive patients (70 %) (p \ 0.01).
In the subset of patients with a negative SLNB, the presence of multiple foci of microinvasion was significantly associated with receipt of chemotherapy when compared with patients with 1 focus of microinvasion: 11 (6.8 %) versus 1 (0.5 %), respectively (p \ 0.01), suggesting that this pathologic factor may be used in decision making for chemotherapy. The same was not true of patients with 1 focus versus multiple foci of microinvasion receiving hormonal therapy with 74 (35 %) versus 62 (39 %), respectively (p = 0.40).We were unable to identify other pathologic factors correlating with the receipt of chemotherapy, but this analysis was limited by missing data and the small number of patients treated.
The median follow-up was 4.9 years (range 0-16.2 years) for the total population and was similar for SLNB positive, SLNB negative, 1-focus, or multiple-foci patients. Overall survival at 5 years was 98.3 % (95 % CI, 95.8-99.3 %) for the total population and was not significantly different when comparing SLNB-positive (100 %) and SLNB-negative patients (98.1 %) (p = 0.26), or patients with 1 focus (98.2 %) versus multiple foci of (98.3 %) microinvasion (p = 0.58).
There were 18 recurrences (4.3 %) among the 414 patients: 14 local, 1 regional, 2 distant, and 1 concurrent local and distant. Overall recurrence-free proportion at 5 years was 95.9 % (95 % CI 93.2 %-97.6 %) (Fig. 1a) . Although all of the recurrences were in the SLNB-negative group, SLNB status was not significantly associated with remaining recurrence free (p = 0.22) (Fig. 1b) . Recurrence-free proportion was also similar in the 1-focus and multiple-foci groups (p = 0.81) (Fig. 1c) . No patients who recurred in the C2 foci group were described as having ''extensive'' or ''many'' foci on their primary pathology reports. All three patients with distant disease recurrence had a single focus of microinvasion initially, and 1 had received chemotherapy at diagnosis.
DISCUSSION

DCIS with microinvasion presents a therapeutic conundrum. The prognosis falls somewhere between
Years from SLNB (a) (b) (c) 10 15 Years from SLNB 10 15 Years from SLNB invasive cancer and DCIS, but where individual patients fall on the prognostic spectrum is unclear, and risk stratification based on retrospective reports has been difficult due to the overall rarity of this entity. Furthermore, insight into the biologic behavior of the invasive component is limited because of the small invasive volume in these specimens that precludes tumor evaluation on a molecular level by standard genomic assays (e.g., OncotypeDX, MammaPrint) and sometimes does not allow determination of ER and HER2 status, leaving clinicians with descriptors in the pathology report to guide decisions regarding locoregional and systemic treatment. In this study, SLNB status was strongly correlated with the use of adjuvant systemic therapy. Multifocality and volume of invasive disease in both the breast and the axillary nodes has been correlated with increased lymph node burden in patients with invasive breast cancer, and a recently published small study looking at this in DCISM showed a trend toward association of multiple sites of microinvasion with SLNB metastases, but this failed to reach statistical significance. 17, 20, 21 Even with our larger numbers, we were unable to demonstrate any correlation between multiple sites of microinvasion and SLNB metastases, though our definition of multiple sites is likely not a perfect surrogate for volume of the microinvasive component. We could not identify any factor other than LVI (which has long been known to confer greater risk for nodal metastases) that could identify a subset of patients at higher risk of lymph node metastases. Consequently, we also could not identify a low-risk group of patients that could be spared SLNB. The overall risk of clinically meaningful SLNB metastases is very low (1.4 %) and essentially equal to the historic rate of nodal positivity in DCIS. 22, 23 With this in mind, it could be argued that SLNB could be omitted (as it is in DCIS) in patients with DCISM undergoing breast-conserving surgery.
Patients with DCISM and a positive SLNB are unlikely to benefit from CALND, though the numbers in our study are not large enough to draw definitive conclusions. However, the demonstration in American College of Surgeons Oncology Group (ACOSOG) trial Z011 that patients with axillary macrometastases in 1 or 2 SLNs can be managed without axillary dissection, coupled with a similar finding for patients with micrometastases undergoing breast-conserving surgery or mastectomy, strongly suggests that axillary dissection will not convey a survival benefit in this population and is not needed for local control. 24 In summary, our study demonstrates that patients with microinvasive carcinoma with both single and multiple foci of invasion have a very low risk of axillary nodal disease and a long-term survival that more closely resembles that of patients with DCIS than what is observed in patients with T1a invasive carcinoma.
The presence of multiple foci of the microinvasive component does appear to influence decisions regarding systemic therapy. Although we found that the presence of multiple foci was associated with the use of systemic therapy, it is possible that other histologic or biologic factors played a role in the decision to give systemic therapy. In our population, the presence of C 2 foci of microinvasion was associated with more poorly differentiated disease and was more likely to be hormone receptor (HR) negative and HER2 positive, though, interestingly, none of the patients who were HR negative and had a negative SLNB received chemotherapy. It is also not clear whether presence of multiple foci has any influence on prognosis. The general assumption that increased volume of the microinvasive component in DCISM increases the risk of distant events may be unfounded and was not demonstrated in our patient population. What is clear in this and numerous other studies is that the majority of patients with DCISM do very well and that survival is very high in this group. 2, 3, 7, 8, 17, 25 It is also clear that our current methods for evaluating risk of recurrence in these patients are lacking. Though our study did not detect an association between multiple foci and recurrence, it may be underpowered to do so. Anatomy is a poor reflection of biology for some of these tumors, as evidenced by the recurrences and death from disease in the group of patients with negative SLN and a single focus of microinvasion on original pathology. Recurrence rates are consistently higher in the SLN-negative DCISM populations in multiple studies. 3, 17 The distant recurrence rate (all in SLN-negative patients) in our study was 0.8 %, which is the historic rate of distant recurrence for DCIS. This argues that the prognosis of DCISM is closer to that of DCIS rather than invasive cancer, though this is obviously not true for all patients. Also consistent in these studies is the lower rate of systemic therapy used in the SLN-negative DCISM population. This is likely directly related to the excellent prognosis in the SLN-positive group, though which patients derive the most benefit from systemic therapy in this group is unclear. While the overall benefit of using systemic therapy in this low-risk patient population would be exceedingly small, the limited existing data suggest that there are individuals who may benefit. This confirms the need to identify other factors to assist in the risk-benefit analysis for adjuvant therapies in individual patients with DCISM.
ACKNOWLEDGEMENT This study was presented in poster format at the 2014 American Society of Breast Surgeons 15th Annual Meeting and was funded in part through NIH/NCI Cancer Center Support Grant P30 CA008748.
DISCLOSURE
The authors have no disclosures to report.
